Effective soil phosphorus (P) management requires the understanding of P forms and its availability. The amount and distribution of P in different fractions of 15 soil samples of Fars province, Iran were determined by sequential extraction methods. The relationships of the P distribution among each other and with soil characteristics were investigated. Total P of different soils ranged from 349 to 994.3 cmol.kg -1 . The clay contents of different samples ranged from 18% to 53%, CEC from 8.5 to 24.9 (cmol(+)kg -1 ) and the CCE from 20.6% to 64%. The amount of different P forms Ca 2 -P (dicalcium phosphates), Ca 8 -P (octacalcium phosphates), Al-P (Alphosphates), Fe-P (Fe-phosphates) and P as Ca 10 -P (apatite) were determined. The relative abundance of other inorganic P forms was in the order of Ca 10 -P > Ca 8 -P > Al -P> Fe-P>Ca 2 -P > Occl-P. Simple correlation coefficients showed that Olsen-P had a significant correlation with total-P, Ca2-P, Ca8-P and Al-P. A Significant correlation was also observed between the P forms, which is presumably a reflection of the existence of a dynamic relation between the chemical forms of Phosphorus in soil. Clay with total-p and Apatite; total P with Olsen, Al-P and Organic-P; CEC with total-P and Organic-P have positive significant correlation. Sand with Ca 10 -P and Al-P; organic-p and Al-P with pH have negative significant correlation.
INTRODUCTION
Phosphorus is an essential macronutrient, being required by plants in relatively large quantities (~0.2 to 0.8%) (Mengel and Kirkby, 1987) . Phosphorus is an essential plant nutrient. Phosphorus (P) availability of is required for plant growth and crop production.
Application of manure and mineral fertilizers in amounts exceeding removal by crops leads to P accumulation in surface horizons (Sharpley 1996) . This increases the risk of P fluxes from soils to aquifers and surface water bodies, thus increasing the potential for P eutrophication (Heath Waite and Johnes 1996; Sims et al. 1998; Sui et al. 1999; McDowell et al. 2001) . Phosphorus is also a dynamic element in soil genesis. Two major processes involved in transformation and translocation of phosphorus in the soil are geochemical and biological processes (Cross and Schlesinger, 1995) . Geochemical processes apparently determine the long-term distribution of P in soils, but in the short-term, biological processes influence the movement and distribution of labile forms of P due to considerable available P being derived from organic matter (Smeck, 1985; Stewart and Tiessen, 1987) .
In the very early stages of soil formation, phosphorus is a constituent of primary minerals, predominantly apatite Evaluation of the Status … Abolfazl Azadi, Majid Baghernejad -276- (Williams and Walker, 1969; Smeck, 1973) . Primary apatite slowly undergoes hydrolysis and inorganic phosphate becomes labile. The soluble phosphate is then used by plants, leached from the system, adsorbed or precipitated as calcium, aluminum, or iron phosphate.
Once the primary mineral apatite has weathered in the soil, the P concentration in soil solution is governed by the solubility of Ca, Al and Fe phosphates which exist as discrete compounds or surface complexes (Samadi, 2003) .
The relative proportion of different P fractions is determined by the activities of calcium, iron and aluminum in the soil which, in turn, are greatly influenced by weathering processes. In general, as pedogenic weathering progresses, the pH decreases, resulting in the conversion of Ca phosphate minerals to Fe and Al phosphates. Parent material and climate are fundamental factors to determine the overall weathering rate, and these factors influence the balance between phosphorus loss and retention (Gardner, 1990) . Various sequential P fractionation procedures have been used to identify the forms of P and to determine the distribution of P fractions in soils Jackson, 1957, Williams et al., 1967; Hedley et al., 1982) , but are not particularly sensitive to the various P compounds that may exist in calcareous soils. Sequential fractionation scheme has been suggested for calcareous soils by which three types of Ca phosphates i.e. dicalcium phosphate, octacalcium phosphate, and apatite could be identified (Jiang and Gu, 1989) . These types of Ca-phosphates were described as Ca2-P (NaHCO3-extractable P), Ca8-P (NH4ACextractable P) and Ca10-P (apatite type), respectively. Assessments of the amount of phosphorus that a soil can supply to a crop during the growing season are commonly made by means of empirical chemical extractions rather than being based on a direct estimation of the availability of P compounds to plants. P fractionation studies have been frequently used for the purpose of assessing the forms of P that contribute to P availability as estimated by soil P tests (AlAbbas and Barber, 1964) and plant growth but this approach has not been widely used for calcareous soil.
Such sequential extraction has been widely used for the calcareous soils in Northern China (Lai et al. 2003; Shen et al. 2004) and Western Australia (Samadi and Gilkes 1998) and in Iran (Adhami et al. 2007 and 2013; Mostashari et al. 2008; Khanmirzaei et al. 2009 ) to study the response and availability of soil P fractions to fertilizer application Phosphorus (P) is one of the main limiting plant nutrients in most arid and semiarid soils. In the present paper, Soil Inorganic P fractionation was carried out according to a fractionation scheme for calcareous soils based on methods described (Jiang and Gu, 1989) .
Therefore, the objectives of this study were to evaluate the status of P fractions and the relationships between P fractionation and some soil properties in calcareous soils in three region(Abadeh, Eghlid and Noorabad) of Fars Province, southern Iran. 
MATERIALS AND METHODS

Soils
Physical And Chemical Properties of Soils
Particle size distribution was determined using the hydrometer method (Gee and Bauder, 1996) , pH in a saturated paste (Thomas, 1996) , Electrical conductivity was determined in the saturated extract (Salinity Laboratory Staff, 1954) , organic matter content (Nelson and Sommers, 1996) , calcium carbonate equivalent (CCE; Loeppert and Suarez, 1996) and cation exchange capacity (CEC; Sumner and Miller, 1996) were determined according to the standard methods and results were reported in Table 1 .
Inorganic Phosphorus Fractionation
Inorganic phosphorus sequential fractionation scheme was preformed according to the methods described by Jiang and Gu (1989) Figure. 2. Olsen-P fraction extracted by NaHCO 3 (Olsen and Sommers, 1982 ) was regarded as P-availability index. Total-P by perchloric acid (HClO4) digestion was also determined using Sparks (Sparks, 1996) and organic P were determined (Olsen and Sommers, 1982) . All of the extractions were carried out on 1gr samples with a soil: extractant ratio of 1:40, in duplicate. In each step, samples were centrifuged at RCF 6000g for 15 min, and the supernatant liquid was filtered through Whatman filter paper, No. 42. and contents of P was determined on neutralized extracts using the molybdate-colorometric method of Murphy and Riley (1962) at 882 nm. Pearson correlation coefficients, and curve estimation procedures of SPSS software were used to determine relationships between inorganic P fractions and some soil properties.
RESULTS AND DISCUSSION
Soil properties and classification of the studied soil
Selected properties of the soils studied are presented in Table 1 . Most of the soils had loamy to clayey texture.
They had different relative proportions of sand, silt and clay size fractions. Sand content ranged from 6.4% to 61.3%, silt content ranged from 18.6% to 48.2%, and clay content ranged from 18.2% to 53.2%. All soils are highly calcareous throughout, with an average of 50.6% CaCO 3 . The dominate clays in all soils were illite, smectite, chlorite, palygorskite, interstratified minerals and quartz. Slighter amounts of kaolinite and vermiculite were also found in studied area, the soils include aridic, xeric and ustic moisture regimes and mesic and hyperthermic temperature regimes, and have developed on alluvial fan, piedmont plains and low lands. All studied soils are calcareous, and belong to Entisols, Aridisols, Inceptisols, Alfisols and Vertisols. The classification of studied soils (Soil Survey Staff, 2014) are presented in Table 2 . 
Phosphorus forms and Relation To Soil Properties
Total-P values varied from 349 to 994 cmol.kg -1 .
Total P was negatively correlated to sand content (r=-0.672**) and positively correlated to silt (r=0.629*) and clay content (r=0.629 * ). Thus, P is probably associated with the finer soil fractions as it was previously reported by McCullum (1996) . In this respect, Mengl and Kirkby (1987) reported that total soil P usually increases as the texture becomes finer. The correlation between total P and soil organic matter(r=0.631 * ) has also been reported by Zhang et al. (1997) .
Amounts of organic P, available P varied from; 35.6-534.7, 5.4-15.3 respectively (Table 3 ). The amount of Ca 2 -P, Ca 8 -P, Al-P, Fe-P, Apatite-P and Ca -P varied from; With pH increasing to neutral or alkaline conditions, P ions will precipitate as Ca phosphates such as octacalcium or dicalcium phosphates, hydroxyl apatite and eventually least soluble apatites (Lindsay et al., 1989) .
The dominance of Ca-P fraction in calcareous soils has been reported by many workers (Chang, and Jackson, 1958; Singh et al, 1966; Khanna, 1967; Adhami, 2007 and 2013) . The relative abundance of other inorganic P forms was in the order of Ca 10 -P > Ca 8 -P > Al -P> Fe-P>Ca 2 -P > Occl-P ( Figure. 3).
Similar results have been observed in calcareous soils by (Samadi and Gilks, 1999; Solis and Torrent, 1989; Williams et al, 1971) . The results of correlation coefficients based on the relative amount of P within each fraction indicated a significant negative correlation between Ca 10 -P, Organic-P, Al-P,total P and sand%; pH -281-Al-P, Organic-P, total P and CEC; total p, Apatite-P and clay% as demonstrated in (Table 4 ).
Figure (3): Fractionation of soil phosphorus for various calcareous soils.
Soil No. Pt Ca2-P Ca8-P Al-P Fe-P Ca10-P Ca-P Organic-P Olsen cmol. The available-P (P extracted by Olsen method) which is an index of the plant available P, ranged from 5.4 to 15.3 cmol.kg -1 in studied soils and comprised a very small percentage of the total P. Statistical analysis showed that available-P was significantly correlated with Ca 2 -P, Al-P, total-p and Ca 8 -P, this result indicate that these fractions probably can be used by plant (Table 4) . Olsen-P approximates the available P which uptake by plants grown in calcareous soils (Delgado et al, 2000) . Samavati and Hossinpur (2006) reported that available P (P Evaluation of the Status … Abolfazl Azadi, Majid Baghernejad -282-extracted by Olsen method) was significantly correlated with Ca2-P, Ca8-P, Al-P, calcium phosphate (Ca 2 -P+ Ca 8 -P+ Ca 10 -P) and aluminum iron oxides (Al-Fe-P).
The relationships between Olsen-P values and organic matter indicate a positive correlation, So that with increasing of OC, Olsen-P was increased, similar results have been observed in China by (Fan et al., 2007) . Solis and Torrent (1989) reported that the Olsen-P test extract a portion of the labile P that is negatively correlated with the content of Fe oxides, which is in turn an essential factor involved in the phosphate buffer capacity of the soils. Adhami et al. (2007) evaluate the relationships between P availability indices and inorganic P forms; they stated that the abundance of different P forms. Was in the order Ca 2 -P<Fe-P<Al-P<O-P<Ca 8 -P<Ca 10 -P was highly correlated with Olsen-P and exchangeable-P. There was significant positive correlation between Olsen-P and Ca2-P (r=0.624 * ). So that with increasing of Ca2-P, Olsen-P was increased. Sui and et al. (1999) reported that study of phosphorus fractionations can be used for estimating of Olsen-P.
Also there was a positive correlation between Olsen-P and Al-P and Ca-P so that with increasing of Al-P and Ca-P, Olsen-P was increased (r=0.741 ** , r= 0.696 ** ).
CONCLUSION
The studied soils had different contents of sand, silt, and clay size fractions. and the soils were low in EC and organic matter. The CEC ranged from 8.5 to 24.9cmol(c) kg -1 . The dominate clays in all soils are illite, smectite, chlorite, palygorskite,interstratified minerals and quartz. Slighter amounts of kaolinite and vermiculite were also found in studied area, the soils include aridic, xeric and ustic moisture regimes and mesic and hyperthermic temperature regimes, and have developed on alluvial fan, piedmont plains and low lands. All studied soils are calcareous, and belong to Entisols, Aridisols, Inceptisols, Alfisols and Vertisols.
The results reported herein showed that the studied soils were all calcareous, with CaCO3 contents ranging from 20.6 to 60.6%. Among the inorganic P fractions, Ca-P was the highest value and varied from 227.4 to 440.4 cmolkg -1 , which accounted for 53 % of the sum of P fractions occurred in H2SO4 extractable P fraction, which is attributed to primary Ca-P minerals, indicating their weak weathering nature. Organic P constituted average 37.79 % of the total P in the studied soils which suggests an important role for this fraction in crop nutrition. Consequently, organic P may supply a considerable portion of the available P in the studied soils. The relative abundance of other inorganic P forms was in the order of Ca 10 -P > Ca 8 -P > Al -P> Fe-P>Ca 2 -P. The occluded Al and Fe-P (P occluded)
within Fe oxides constituted very small fractions of total P and not detected and was negligible in all of the studied soils. it seems that in study area the soils was young calcareous origin has undergone weathering to such an extent that in due course of time occluded-p decreased and Ca present in the soil not allowing this fraction to form occluded-p. Pearson correlation of spss software was used to determine relationships between inorganic P fractions and soil properties. The results of correlation coefficients based on the relative amount of P within each fraction indicated a significant negative correlation between sand% and total-P, Ca 8 -P, Ca 10 -P and Organic-P, and a significant positive correlation between Ca 2 -P with Ca 8 -P, available P and Al-P, OM with total P, Al-P, Organic-P and available-P.
Statistical analysis showed that available-P (P extracted by Olsen method) was significantly correlated with Ca -P (Ca 2 -P, Ca 8 -P, Ca 10 -P), Al-P, total-P, and Organic matter, this result indicate that these fractions probably can be used by plant, so that with increasing of Al-P, total-P, and Organic matter, Olsen-P was increased. 
